Rotary balance data for a typical single-engine general aviation design for an angle-of-attack range of 8 deg to 90 deg.  2:  Influence of horizontal tail location for Model D by Barnhart, B.
NASA 
CR 
3246- 
pt.2 
c.1 
Rotary Balance Data for a Typic 
Single-Engine General Aviation 
Design for an Angle-of-Attack 
Range of 8O to 90” 
II - hjhence of Horizontal 
Tail Location for Model D 
Billy Barnhart 
CONTRACT NASl-16205 
NOVEMBER 1982 
I : 
https://ntrs.nasa.gov/search.jsp?R=19830004800 2020-03-21T05:11:47+00:00Z
NASA Contractor Report 3247 
Rotary Balance Data for a Typical 
Single-Engine General Aviation 
Design for an Angle-of-Attack 
Range of 8O to 90” 
II - Injkence of Horizontal 
Tail Location for Model D 
Billy Barnhart 
Bihde Applied Research, Inc. 
Jericho, New York 
Prepared for 
Langley Research Center 
under Contract NAS 1 - 16 2 0 5 
NASA 
TECH LIBRARY KAFB, NM -l 
National Aeronautics 
and Space Administration 
Scientific and Technical 
Information Branch 
1982 
I -- - 
SUMMARY 
The influence of horizontal tail location on the rotational 
flow aerodynamics is discussed for a l/6-scale general aviation 
airplane model. The model was tested using various horizontal 
tail positions, with both a high and a low-wing location and for 
each of two body lengths. Data were measured, using a rotary 
balance, over an angle-of-attack range of 8O to 9o", and for clock- 
wise and counter-clockwise rotations covering an $& range of 0 to 
0.9. 
The relative positions of the wing and horizontal tail had 
a large effect on the static pitching moment characteristics, as 
anticipated. Rotation produced an appreciable nose-down pitch- 
ing moment increment that increased non-linearly with increasing 
rotation. The effect of rotation was relatively less for a T-tail 
configuration. 
For the model tested, horizontal tail location had no influ- 
ence on the rotational yaw characteristics below 35O angle of 
attack. Above 35O, low horizontal tail locations reduced or 
eliminated the damping contribution of the vertical tail. The 
T-tail configurations tested did not interfere with the vertical 
tail contribution. All the T-tail configurations examined were 
damped in yaw throughout the test angle-of-attack range, as was 
one of three low horizontal tail locations. Two low tail con- 
figurations exhibited autorotative yawing moments in the flat 
spin region (i.e., 80° to 90° angle of attack). 
INTRODUCTION 
The NASA Langley Research Center is conducting a broad gen- 
eral aviation stall/spin research program, which includes spin- 
tunnel and free-flight radio-control model tests, as well as 
full-scale flight tests for a number of configurations typical 
of light, general aviation airplanes. As a part of this effort, 
rotary balance tests were conducted in the Langley Spin Tunnel 
to establish a rotational flow aerodynamic base for analysis of 
model and full-scale flight results. 
Rotary balance data were obtained for a representative, 
single-engine, general aviation model, referred to as model D. 
The test results were divided into three areas, each of which is 
discussed in a separate report. The aerodynamic effectiveness of 
the controls and their influence on predicted spin modes 'are dis- 
cussed in reference 1. Reference 2 discusses the influence of 
each airplane component, as well as body length and wing loca- 
tion, on the rotational aerodynamic characteristics. This report 
presents the effect of horizontal tail location in the presence 
of each of two wing locations and two body lengths. The Appendix 
in the above references contains all data measured during the 
subject studies. 
SYMBOLS 
The units for physical quantities used herein are presented 
in the International System of Units (SI) and U.S. Customary 
Units. The measurements were made in the U.S. Customary Units: 
equivalent dimensions were determined by using the conversion 
factors given in reference 3. 
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'rn 
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a 
wing span, m (ft) 
mean aerodynamic chord, cm (in.) 
lift-force coefficient, Lift force 
qs 
normal-force coefficient, Normal force 
SS 
axial-force coefficient, Axial force 
qs 
side-force coefficient, Side force 
qs 
rolling-moment coefficient, Rolling moment 
qSb 
pitching-moment coefficient, Pitching moment 
qsc 
yawing-moment coefficient, Yawing moment 
qSb 
free-stream dynamic pressure, N/m2 (,lb/ft2) 
wing area, m2 wt2 1 
free-stream velocity, m/set (ft/sec) 
angle of attack, deg 
R angular velocity about spin axis, rad/sec 
Rb 
37 spin coefficient, positive for clockwise spin 
Abbreviations: 
cg center of gravity 
SR spin radius 
TEST EQUIPMENT 
A rotary balance measures the forces and moments acting on 
a model while it is subjected to rotational flow conditions. His- 
torical background for this testing technique is discussed in 
reference 4. A phot0grap.h and sketch of the rotary balance appa- 
ratus installed in the Langley Spin Tunnel are shown in figures 
1 and 2, respectively. The system's rotary arm, which rotates 
about a vertical axis at the tunnel center, is supported by a 
horizontal boom and is driven by a motor mounted external to the 
test section. 
A NASA six-component strain gauge balance, affixed to the 
bottom of the rotary balance apparatus and mounted inside the 
model, is used to measure the normal, lateral, and longitudinal 
forces, and the yawing, rolling and pitching moments acting 
about the model body axis. Controls located outside of the tun- 
nel are used to activate motors on the rotary rig, which posi- 
tion the model to the desired attitude. The angle-of-attack 
range of the rig is O" to 90°, and the sideslip angle range is 
*15O. Spin radius and lateral displacement motors are used to 
position the moment center of the balance on, or at a specific 
distance from, the spin axis. (This is done for each combina- 
tion of angle of attack and sideslip angle.) It is customary to 
mount the balance to the model such that its moment center is at 
the location about which the aerodynamic moments are desired. 
Electrical currents from the balance and to the motors on the 
rig are conducted through slip rings. Figure 2 shows how the 
rig is positioned in angle of attack and sideslip. 
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The sys.tem is capable of rotating up to 90 rpm in either 
direction. Rb A range of 2~ values can be obtained by adjusting 
rotational speed and/or tunnel air .flow velocity.. (Static aero- 
dynamic forces and moments are obtained when R = 0.) 
The data acquisition, reduction, and presentation system is 
composed of a la-channel scanner/voltmeter, a mini-computer with 
internal printer, a plotter, and a CRT display. This equipment 
permits data to be presented via on-line digital print-outs and/or 
graphical plots. 
TEST PROCEDURES 
Rotary aerodynamic data are obtained in two steps. First, 
the inertial forces and moments (tares) acting on the model at 
different attitudes and rotational speeds must be determined. 
Ideally, these inertial terms would be obtained by rotating the 
model in a vacuum, thus eliminating all aerodynamic forces and 
moments. As a practical approach, this is approximated closely by 
enclosing the model in a sealed spherical structure, which rotates 
with the model without touching it, such that the air immediately 
surrounding the model is rotated with it. As the rig is rotated 
at the desired attitude and rate, the inertial forces and moments 
generated by the model are measured and stored on magnetic tape 
for later use. 
The second step is to record force and moment data with the 
air on and with the enclosure removed. The tares, measured in 
step one, are then subtracted from these data, leaving only the 
aerodynamic forces and moments, which are converted to coefficient 
form and stored on magnetic tape. 
MODEL 
A l/6-scale model, representing a single-engine general avia- 
tion airplane, was constructed from foam/fiberglass and aluminum. 
A photograph of the model installed on the rotary balance is 
shown in figure 1. A three-view drawing of the low-wing, short 
body model is shown in figure 3. The model was constructed such 
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that the body could be lengthened by using an alternate aft 
fuselage section (figure 4). For the long-body configuration, 
the vertical tail was moved aft and the fuselage was faired 
smoothly to the rudder, whose span was increased to the bottom 
of the fuselage, as shown in figure 4. It was possible to mount 
the wing in either a low position, as shown in figure 3, or a 
high position, as shown in figure 5. Also, six different hori- 
zontal tail locations could be tested (figure 6). Dimensional 
characteristics of the model are given in Table I. 
TEST CONDITIONS 
The tests were conducted in the spin tunnel at a tunnel 
velocity of 7.62 m/set (25 ft/sec), which corresponds to a 
Reynolds number of 128,000 based on the model mean aerodynamic 
chord. All the configurations were tested through an angle-of- 
attack range of 8O to 9o", at a zero sideslip angle. For angles 
of attack above 30°, the spin axis passed through the cg, and 
for angles of attack up to 35O 91.4 cm (36 in.) forward (full- 
scale) of the cg. Consequently, data were obtained for both a 
0 and 91.4 cm spin radius at 30° and 35O angles of attack. At 
each spin attitude, measurements were obtained for nominal g 
values of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9, in 
both clockwise and counter-clockwise directions, as well as for 
Rb - = 0 (static value). 2v 
DATA PRESENTATION 
All data measured for this study are presented in the Appen- 
dix. Table II identifies the configurations tested and their 
corresponding appendix figure numbers. The body-axis aerodynamic 
coefficients, Rb plotted as functions of m, are presented for each 
configuration in six sequentially numbered figures in the follow- 
ing order: C n' CR, C m' CN, CY, CA. Each figure, in turn, con- 
sists of four pages, which present the subject aerodynamic coeffi- 
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cient vs. g for the following angles of attack and spin radii: 
a) cl=8,, 10, 12, 14, 16 deg SR=91.4cm (36 in.) full scale 
b) cl=18, 20, 25, 30, 35 deg SR=91.4cm (36 in.) full scale 
c) cr=30, 35, 40, 45, 50 deg 'SR=O 
d) a=55, 60, 70, 80, 90 deg SR=O 
All moment data are ,presented for a cg position of 0.25E. 
DISCUSSION 
The influence of horizontal tail location on this configura- 
tion's aerodynamic moments was examined because these moments 
determine the existence and the nature of spin modes. Further- 
more, since rolling moment characteristics were shown to be 
determined almost entirely by the wing (reference 2), this dis- 
cussion covers only pitching and yawing moments. 
Static Pitching Moment Characteristics 
Short Body, Low Wing: 
The horizontal tail location obviously affects an airplane's 
static pitching moment characteristics. The pitching moment con- 
tributed by the horizontal tail is a function of the tail lift 
curve slope, arm, and angle of attack; the latter two being influ- 
enced by tail position. The horizontal tail location's effect on 
the static pitching moment coefficient can be seen in figure 7 for 
the short body model configured with a low wing. 
For the low tail positions (1 and 3), the pitching moment be- 
comes increasingly more nose-down with increasing angle of attack 
throughout the 8O to 90° range. Tail-l, having the shortest tail 
arm, has the least nose-down moment throughout the angle-of-attack 
range. Whereas the low tail Cm 's always become more nose-down 
with increasing ~1, the T-tail configuration (tail A) has a pitch 
instability after wing stall that extends over a 12O angle-of- 
attack range. Apparently, the tail is immersed in the reduced 
dynamic pressure wing wake, beginning at 16O angle of attack. 
(Wing stall occurs at 12O angle of attack at the Reynolds number 
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of these tests. Higher Re would, of course, delay the stall and 
this phenomenon to a higher angle of attack.) 
Short Body, High Wing: 
The high wing's effect on the low tails is generally to make 
the pitching moment coefficients somewhat more nose-down than 
those for the low wing (figure 8). It was also noted that the 
high-wing position decreases the nose-down break at stall for 
tail 3. A significant effect of wing location was observed for 
the T-tail static pitching moment in the post-stall angle-of- 
attack region. No loss of stability was observed for the high 
wing, T-tail airplane, whereas instability occurred with the low 
wing. Instability was avoided in the post-stall angle-of-attack 
region because the wing and T-tail's relative positions more 
nearly approximated those of the low-wing, low-tail configura- 
tion. 
Long Body: 
Static pitching moment data for the long body configura- 
tions are presented in figures 9 and 10 for the low and high- 
wing airplanes, respectively. Lengthening the fuselage has 
little effect on the Cm variation with angle of attack for tail 
3, except that the nose-down moments are amplified by the longer 
tail arm. Tail 1 shows a similar amplification: however, with 
the low wing, the longer body produces a sharper nose-down break. 
at wing stall (figure 9). 
The longer body improves the T-tail Cm versus CY, character- 
istics for both wing locations: with the high wing, it produces 
a sharper nose-down break beginning at 16O angle of attack. 
With the low wing, the longer body results in less pitch insta- 
bility than was observed for the short body configuration. As 
was noted for the other tails, the pitching moment for the long 
body model is, overall, more nose-down throughout the angle-of- 
attack range due to the increased tail arm. 
As noted above, the relative positioning of the wing and hor- 
izontal tail determines the pitching moment characteristics at 
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stall. The length of the tail arm and/or the wing location deter- 
mines the magnitude of the nose-down break at stall for the low 
tails. For a T-tail, the relative wing-tail positioning can 
eliminate or lessen a post-stall pitch instability. 
There was very little difference in pitching moment between 
the three T-tail positions (tails A, B, and C), except for that 
produced by the small difference in tail arm (see figure 11). 
Rotational Pitching Moment Characteristics 
Rotation, both clockwise and counter clockwise, produces an 
appreciable non-linear increase in the nose-down pitching moment 
coefficients from the static values for all tail positions, as 
shown in figure 12. Evidently this is a characteristic of most 
airplanes in a rotational flow environment (reference 4). Rota- 
tion produces an increase in the dynamic pressure at the tail, 
which is apparently partly responsible for this effect. The in- 
crease in tail dynamic pressure becomes significant for large 
angles of attack and high rotation rates. In addition, a radial 
pressure gradient is postulated to exist above a stalled rotat- 
ing surface (reference 5) that would also increase the nose-down 
pitching moment, as observed. At most angles of attack, the 
T-tail configurations have a smaller increase in nose-down Cm due 
to rotation than do the low tail configurations, as shown in fig- 
ure 12. In fact, reference 4 shows that a T-tail configuration 
has the least increase in nose-down moment with rotation. 
In most cases, the increase in nose-down pitching moment due 
to rotation becomes greater with increasing angle of attack. An 
exception to this occurs for the low-wing T-tail configurations, 
which show the largest increase in nose-down C m due to rotation 
occurring at 25O to 35O angle of attack (e.g.,see Appendix figure 
A3. This is the angle-of-attack range where the Cm versus angle- 
of attack curve regains stability following the loss of pitch 
stability observed for these configurations in the post-stall 
region. 
Yawing Moment Characteristics 
Rb When plotted as functions of m, the yawing moment coeffi- 
cients are damped in the second and fourth quadrants and propel- 
ling in the first and third. Typical yawing moment coefficient 
Rb versus 2v plots for this airplane are presented in Appendix fig- 
ure Al for an angle-of-attack range of 8O to 90° for a short 
body I low-wing, T-tail configuration. 
Below stall (c%=12O), the yawing moment is damped, although 
a decrease in damping occurs when the rotation rate is suffi- 
cient to increase the angle of attack above stall over a major 
portion of the inboard wing. Between 12O and 18O angle of 
attack, propelling yawing moments occur for E magnitudes less 
than 0.2. As demonstrated in reference 2, this is caused by 
wing stall. From 20° to 90° angle of attack, the yawing moment 
coefficients are damped for all 2v nb,,, although the damped slope 
through zero rotation rate is slight for the 20° to 30° angle- 
of-attack range. 
The influence of horizontal tail location on these yawing 
moment characteristics was determined by comparing the yawing 
moment coefficient plots found in the Appendix; e.g., figures 
Al, A7, and Al3 present data for tails A, 1, and 3, respectively 
for the short-body, low-wing airplane. Similar figures for the 
long body and/or high-wing configurations can be determined from 
Table II. To simplify the discussion, however, sample compar- 
ison plots are included with the text to illustrate the analy- 
sis. 
Below 35O angle of attack, the yawing moment character- 
istics are not influenced by horizontal tail location, as dem- 
onstrated by figure 13 at 16O ~1. Furthermore, this was true 
regardless of wing location and body length. By approximately 
40° angle of attack, however, the T-tails start to provide 
greater damping than do the low tails (figure 14). Generally, 
this characteristic continues through 90° angle of attack due 
to the low horizontal tails' adverse influence on the vertical 
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tail. This is demonstrated by figures 15a and 15b, which pre- 
sent yawing moment coefficients at 80° 01 for a T-tail and three 
low-tail configurations, as well as for the horizontal tail-off 
configuration. Reference 4 shows that the pressure field asso- 
ciated with the outboard low horizontal tail is responsible for 
degrading the damping contribution of the vertical tail. For 
the T-tail configuration, the horizontal tail is above the 
vertical and, as shown in figures 15a and 15b, its yawing 
moment closely approximates the horizontal tail-off data. 
Although the low horizontal tail locations result in less 
damping than the T-tail for angles of attack between 40° and 
7o", the data are generally damped for the airplane configura- 
tions studied (figure 14). In the 80° to 90° angle-of-attack 
range, however, low tail positions 2 and 3 show neutral or pro- 
pelling yawing moments up to approximately kO.5 $$ (figure 15). 
The T-tail and low-tail position 1 both are damped at these 
angles of attack. For this configuration, at least, it is pos- 
sible to find a low-tail position that eliminates a propelling 
yawing moment, present for other low-tail positions, at flat spin 
angles of attack. In this case, it is not necessary to move the 
horizontal tail to the T-tail position to retain most of the damp- 
ing of the horizontal tail-off configuration. 
Although tail 1 provides almost as much damping as the T-tail 
configuration in the 80° to 90° angle-of-attack region regard- 
less of body length or wing location, its effectiveness at steeper 
angles of attack is dependent on wing location. In the 40° to 70° 
angle-of-attack range, tail 1 provides the greatest damping of 
the low tails tested for the low-wing airplane (figure 16). How- 
ever, for the high-wing configuration, it provides the least 
(figure 17). 
There was no difference in the yaw damping characteristics 
between the three T-tail positions investigated (see figures 
A37, A43, and A49 in the Appendix). 
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Examination of the available data can provide insight into 
possible spin characteristics with the various horizontal tail 
locations. All of the tail positions result in large nose-down 
pitching moment coefficients in the flat spin angle-of-attack 
region. This indicates that very fast rotation rates would be 
required at these angles of attack to generate sufficient nose- 
up inertial moment to provide pitch equilibrium. Of the hori- 
zontal tail positions examined, only tails 2 and 3 could pos- 
sibly have flat spins, since only they exhibit propelling yaw- 
ing moment coefficients at 80° to 90° angle of attack out to 
relatively high values of g (figure 15). The T-tails and tail 
position 1, being damped in yaw at these angles of attack, should 
not exhibit flat spins. Steeper spin modes, however, may be ex- 
perienced with pro-spin controls. This is indeed the case for 
the T-tail, as shown in reference 1. 
CONCLUDING REMARKS 
The following observations pertaining to general aviation 
Model D are based on the results of the present investigation: 
0 The relative positioning of the wing and horizontal 
tail determined the static pitching moment charac- 
teristics, as would be expected. 
0 A post-stall pitch instability exhibited by the T-tail 
configuration could be eliminated by a high-wing loca- 
tion or minimized by increasing the tail arm. Moving 
the horizontal tail to a low position also eliminated 
the instability. 
0 Rotation produced an appreciable nose-down pitching 
moment increment that increased non-linearly with 
increasing rotation. This is evidently caused, in part, 
by increased dynamic pressure at the tail and by radial 
pressure gradients above the stalled rotating surfaces. 
The nose-down increment was generally less for a T-tail 
configuration. 
0 Horizontal tail location had no influence on the 
rotational yaw characteristics for angles of attack 
less than 35O. 
0 For angles of attack greater than 35O, low horizontal 
tails reduced or eliminated the damping contributed 
by the vertical tail; T-tails, being above the vertical, 
did not. 
0 One of the low-tail positions examined provided yaw 
damping approaching that of the horizontal tail-off 
and T-tail configurations in the 80° to 90° angle-of- 
attack range, where the other low tails were autorota- 
tive. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS 
Overall length, short fuselage, m (ft) . . 
Overall length, long fuselage, m (ft) . . 
Wing: 
Span, m (ft) . . . . . . . . . . . . . 
Area, m2 (ft2) . . . . . . . . . . . . . 
Root chord, cm (in.) . . . . . . . . . . 
Tip chord, cm (in.) . . . . . . . . . . 
Mean aerodynamic chord, cm (in.) . . . . 
Leading edge of E, distance rearward of 
leading edge of root chord, cm (in.) . 
Aspect ratio . . . . . . . 
Taper ratio . . . . . . . 
Dihedral, low wing, deg . 
Dihedral, high wing, deg 
Incidence: 
Root, deg . . . 
Tip, deg . . . 
Airfoil section: 
Root . . . . . 
Tip . . . . . 
Horizontal tail 
Span, m (ft) . . . 
Area, m2 (ft2) . . 
Aspect ratio . . . 
Airfoil section . 
Vertical tail 
Area, m2 (ft2) . . 
0 .  
0 .  
.  .  
0 0 
.  0 
0 0 
0 0 
0 .  
0 0 
Sweep at leading edge 
Aspect ratio . . . . 
Airfoil section . . . 
0 0 
0 .  
0 .  
0 .  
0 0 
0 .  
0 0 
0 0 
0 .  
0 0 
0 .  
0 0 
0 0 .  .  0 0 0 
.  0 0 0 .  0 0 
.  0 0 .  0 .  0 
0 .  0 0 .  0 .  
.  .  0 .  0 .  0 
0 0 .  0 0 .  .  
0 .  .  .  0 .  0 
0 0 .  0 .  0 0 
0 0 .  0 .  0 .  
0 .  0 0 0 .  .  
0 0 0 .  0 0 .  
0 0 .  .  0 .  .  
0 0 0 .  .  .  0 
0 0 0 .  0 .  .  
0 .  0 0 .  .  .  
0 .  0 .  .  0 .  
.  
0 
.  
.  
0 
.  
.  
.  
0 0 
.  .  
.  .  
.  .  
.  .  
.  .  
.  0 
.  
.  0 
.  .  
.  .  
0 .  
.  .  
.  .  
.  .  
.  .  
1.3 (4.3) 
1.425 (4.675) 
1.8 (5.91) 
0.448 (4.825) 
26.7 (10.5) 
17.9 (7.03) 
24.5 (9.64) 
5.44 (2.14) 
. . . . 7.24 
. . . . 0.67 
. . . . 7 
. . . . 1.5 
. . . . 2.0 
. . . . -1.0 
. . NASA 652415 
NASA 652415 mod 
. 0.508 (1.67) 
. 0.065 (0.696) 
. . . . 4.0 
0 . . NACA 0012 
. 0.03 (0.328) 
. . . . 33.9 
. . . . 1.47 
0 . NASA 63A012 
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Figure I. - Photograph of i/6 scale model installed on rotary balance apparatus. 
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A Slip ring housing 
B Drive shaft 
C Support boom 
D Spin radius offset 
potentiometer 
E Counterweight 
F Strut 
G  Angle of attack 
positioning motor 
\ 
Spin axis 
Velocity vector 1 
(a) Side view of model. 
Figure 2.- Sketch of rotary balance apparatus. 
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-A 
A Slip ring housing 
B Spin radius offset 
potentiometer 
C Lateral offset 
drive gears 
D Lateral offset 
potentiometer 
E Strut 
F Sideslip angle 
potentiometer 
G Sideslip angle 
positioning motor 
I 
Spin axis 
18 
Velocity vector 
(b) Front view of model. 
Figure 2.- Concluded. 
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Figure 3.- Three-view of l/6-scale low wing, short body configuration. 19 
Center of gravity positioned at 0.25 E. Dimensions are given in 
centimeters (inches), model scale. 
130.3 
4 
4 
Figure 4.- Comparison of l/6-scale long and short body configurations. 
Dimensions are given in centimeters (inches), model scale. 
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Figure 5.- Three-view of l/6-scale high wing, short body configuration. 
Center of gravity positioned at 0.25E. 
centimeters (inches), model scale. 
Dimensions are given in 
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